gen (Nakahara, Fukuoka and Sugimura 1957) , has been known to exhibit characteristic biological actions, such as formation of nuclear inclusion in tissue culture cells (Endo, Aoki and Aoyama 1959; Endo, Takayama, Kasuga and Ohashi 1961; Endo and Kume 1963) , prophage induction in lysogenic bacteria (Endo, Ishizawa and Kamiya 1963) , and induction of mutation in microorganisms (Okabayashi 1955; Mashima and Ikeda 1958; Okabayashi, Yoshimoto and Ide 1964; Okabayashi, Ide, Yoshimoto and Otsubo, 1965) . Furthermore, 4NQO has been found to be effective to eliminate drug resistance factors R in Escherichia coli, though in small frequencies (Tomoeda, Inuzuka, Kubo and Hirota 1966) . One of interesting suggestions on the mechanism of the biological action made by the study on the inhibitory action of 4-hydroxylaminoquinoline 1-oxide (4HAQO), a reductive product of 4NQO, on bacteriophage T4 (Ishizawa and Endo 1967) was that 4HAQO, which has been proved to be formed from 4NQO by enzymic reduction (Okabayashi and Yoshimoto 1962; Hashimoto, Terasawa, and Toriyama 1964; Sugimura, Okabe and Endo 1965) , might be an active intermediate of 4NQO in its biological action, and that an oxidation process from 4HAQO might be responsible for the f ormation of the proximate compound to react with DNA as target.
N02
NHOH \y~` N' 0 0 4NQO 4HAQO 4-Nitropyridine 1-oxide (4NPO) (Ochiai, Ishikawa and Arima 1943) , the pyridine analogue of 4NQO, on the other hand, has been known to exhibit little biological activities, e.g. non-carcinogenic and non-inducible for lysogenic bacteria (Endo, Ishizawa and Kamiya 1963) . However, a unique biological action of 4NPO has recently been found in our laboratory (Hirota, Inuzuka and Tomoeda 1966) that 4NPO can be an effective agent for the selective isolation of proline-requiring mutants (pro-) of some strains of Escherichia coli K-12. 4-Nitroso-(4NSPO) and 4-hydroxylamino-(4HAPO)-pyridine 1-oxides, reductive products of 4NPO, have also been found to be effective for the selective isolation of pro-mutant, but no other reduced or modified derivatives of 4NPO, such as 4-aminopyridine 1-oxide (4APO), have been found to be effective for the biological action.
Interesting characteristics of the biological action of 4NPO were that only promutants are isolated at a detectable frequency, and that all the pro-mutants thus isolated have the same metabolic block between glutamic acid and glutamyl r-semialdehyde. Little has been known, however, about the mechanism of such biological activity of 4NPO and its analogues.
All these evidence stimulated us to attempt in elucidating the mechanism of the unique biological activity of 4NPO in the E. coli system.
With this motive behind, it seemed to be attractive to investigate first a possible interaction between 4NPO or its derivatives and DNA. For this purpose, the transforming DNA system appeared to be useful; if the transforming DNA was pre-treated with drug and if there occured some interaction between DNA and the drug, it would affect or lower the original efficiency of transforming DNA. In fact, inhibitory action of 4NQO and its derivatives on the transforming DNA in Bacillus subtilis has been investigated (Ono 1964) . The result has shown that the only compound which interacted with the transforming DNA and inhibited its transforming activity, was 4HAQO. At that time, 4NPO was the only pyridine analogue tested, which was found to be non-inhibitory.
This paper deals with a study on the mode of action of 4NPO and its derivatives on the transforming DNA in B, subtilis. The present study has shown that 4HAPO can be the only effective compound, provided that DNA was aerobicaly treated, in inhibiting H the transforming activity of DNA, and that -N-OH or -N-OS radical, which might derive from 4HAPO in the presence of air, would be responsible for the inactivation by 4HAPO of transforming DNA in question.
MATERIALS AND METHODS

Strains:
The donor strain used was wild type B. subtilis 23 and the recipient strain used, B. subtilis 15 try-160 arg-15. They were kindly supplied by Dr. T. Okada of the Department of Biochemistry, School of Medicine, Kanazawa University.
Genetic markers
Nutritional requirements (-indicates dependence; + independence) are designated by the following symbols: try, tryptophan; arg, arginine.
Material and Media
All the pyridine and quinoline derivatives used in the present study, namely, 4-nitro-(4NPO) (Ochiai, Ishikawa and Arima 1943) , 4-nitroso-(4NSPO) and 4-hydroxylamino-(4HAPO) (Ochiai and Mitarashi 1963) , and 4-amino-(4APO) (Ochiai and Katada 1943) -pyridine 1-oxides, 4, 4'-azoxy-(AZOXY) and 4, 4'-azo-(AZO) -pyridine 1, 1'-dioxides (Ochiai and Katada 1943) , and 4-nitro-(4NQO) (Ochiai, Ishikawa and Sai 1943) and 4-hydroxylamino-(4HAQO) (Ochiai, Ohta and Nomura 1957) -quinoline 1-oxides, were synthesized in our laboratory according to the literature.
Penassay broth (Difco) and two kinds of Spizizen minimal mediums supplemented with casamino acid, tryptophan, and yeast extract (Abe 1965) were used for the preparation of competent cells. One of the two modified Spizizen media, used for the first growth stage of recipient cells, was composed of Spizizen minimal medium (Spizizen 1958) supplemented with casamino acid (0.02%), tryptophan (50 pg/ml) and yeast extract (0.1%), and will be tentatively named in this paper as TF medium I. The other of the modified Spizizen media, used for the second growth stage of recipient cells, was composed of Spizizen minimal medium supplemented with casamino acid (0.01%), tryptophan (5 pg/ml), and yeast extract (0.01%), and will be tentatively named in this paper as TF medium II.
A synthetic medium composed of Spizizen minimal medium supplemented with agar (1.5/) and tryptophan (20 pg/ml) was used for scoring arg+ transf ormants and will be tentatively named in this paper as Spizizen agar medium I. A synthetic medium composed of Spizizen minimal medium supplemented with agar (1.5%), tryptophan (20 pg/ml), and arginine (20 pg/ml), was used for scoring all the surviving colonies (viable count), and will be tentatively named in this paper as Spizizen agar medium II.
Isolation and purification of DNA DNA was isolated from wild type B. subtilis 23 according to the Marmur's method (Marmur 1961) . The Burton's procedure (Burton 1956 ) of the diphenylamine test was used for the measurement of the deoxypentose content of DNA, using a deoxyadenosine monophosphate preparation as control.
Pre-treatment of DNA with drugs
One-tenth ml of freshly made 10-2M aqueous solution of each drug was added to a of mixture of 0.1 ml (100 pg DNA) of a dilute saline-citrate solution of DNA and 0.8 ml of 0.2M phosphate buffer and the solution was kept at 37°C. At appropriate intervals, 0.1 ml (1 pg DNA) of 10-i diluted solution was used for the transformation experiment.
Experiment with 4HAP0 under nitrogen were also carried out to avoid the effect of oxygen toward the drug.
Transformation
Preparation of competent cells of the recipient strain B. subtilis 15 was carried out following the procedure of Abe (Abe 1965) as follows.
An overnight culture (Penassay broth) of B. subtilis 15 was diluted l0-i into TF medium I and the culture was incubated under shaking at 37°C for 4 hr, diluted 10-i into TF medium II, and incubated under shaking at 37°C for further 1.5 hr. To 2 ml of the culture thus prepared, 0.1 ml (1 pg DNA) of the DNA solution with or without pre-treatment with drug was added and the mixture was incubated at 30°C for 30 min under shaking.
The culture was centrifuged at 3000 r.p.m., and the pellet was suspended in 2 ml of saline, and plated, after appropriate dilutions, onto Spizizen agar plates I and II. After incubation at 37°C for 2 nights, arg+ transf ormant colonies the experiment with DNA without pre-treatment with drug, was found to be far less than the order of one. The difference of frequencies of more than the order of one was therefore taken to be of significant value for the comparison of data observed. It was now found that 4HAP0 is the only compound in pyridine derivatives which, as the incubation time of the mixture of DNA and the compound increased, lowered markedly the number or frequency of arg+ transf ormants as did 4HAQ0 as reference compound.
As the viable counts of recipient cells (zero time) remained above 108 cells/ml and almost same in each experiment with different compound, any effect of all the compounds used on the viability of recipient cells was excluded. The decrease of numbers of arg+ transf ormants could then be correlated directly to the inhibitory action of compound on the transforming DNA. These evidence led to a conclusion that 4HAP0 can be the only compound of 4NP0 derivatives used in the present investigation to be effective in inhibiting the transforming activity of DNA. In pursuing a working hypothesis that an oxidation product of 4HAP0 by air is Table 1 and Fig. 1 except that interaction between DNA and 4HAPO was carried out under both aerobic and anaerobic conditions. 2) Transformation activity, represented by the number of arg+ transformants at zero time, was taken as 100%. Recently, presence of free radical intermediates between 4-hydroxylamino and 4-nitroso groups, particularly in alkaline solution, has been confirmed with the 4-substituted quinoline 1-oxide system (Nagata, Kataoka, Imamura, Kawazoe and Chihara 1966). Furthermore, oxygen has been found to be necessary for the formation of free radicals. Similar observations on the free radical formation from 4NQO and 4HAQO in the presence of DNA have very recently been reported (Okano and Uekama 1968) . It is then quite conceivable that the proximate compound in the pyridine system may be free H radical (s), for example, such as -N-OH and/or -N-O, derived from 4HAPO under aerobic condition.
In the mean time, physicochemical studies, using the flow dichroism method, on the interaction between DNA and 4NQO derivatives have been made (Nagata, Kodama, Tagashira and Imamura 1966) , which showed that not only 4HAQO but also 4NQO interact with DNA and are intercalated between the planes of bases of DNA, whereas 4NP0 does not. Similar observations on the stronger physicochemical interaction of 4NQO than that of 4NPO with DNA and deoxyribonucleosides (Okano and Uekama 1967) and with purine and pyrimidine bases as the basic components of nucleic acids (Tomoeda and Kawashima 1968) have been reported. As has been mentioned, on the other hand, 4NQO has been found to be non-inhibitory for both transforming DNA and phage systems. It therefore seems unlikely that the intercalation has any meaningful connection with the biological activity of 4HAQO and 4HAPO discussed above. A possible initial step of the inhibitory action of 4HAPO on the transforming DNA may then be a stronger interaction than physicochemical ones between DNA and the drug via the intermediacy of free radical(s). A preliminary experiment on the interaction between 4HAPO and DNA in larger scale unpublished) has suggested presence of an Angeli-Rimini reaction positiv eproduct with a hydroxylamino group on paper chromatography besides the remaining starting material and DNA. The product could be dializable and deduced as a smaller fragment of degraded DNA bound to 4HAPO. Further experiments must however be conducted before any conclusive explanation of the mechanism of inactivation of DNA by 4HAPO can be given.
Very recently, extensive investigations on the inhibitory action of hydroxylamine and its derivatives on the transforming DNA in vitro has been made (Freese, Gerson, Taber, Rhaese and Freese 1967) , which suggested that the proximate structure responsible for the inhibitory action may be hydrogen peroxide formed in hydroxylamine solution. A hypothesis that hydrogen peroxide formed in 4HAPO solution might be the real proximate compound, would not therefore be excluded.
It might be added that with 4NPO, 4NSPO, AZOXY, and AZO, a general tendency of increase of relative transforming activities of DNA as a function of time was observed (Table 1 and Fig. 1) . The increase appears to be slightly more than the experimental fluctuation.
If the increase observed with these compounds is meaningful is obscue.
SUMMARY
The in vitro effect of 4-nitropyridine 1-oxide (4NPO) and its reductive derivatives on the transforming DNA in Bacillus ~ubtilis was investigated. Among six compounds used, only 4-hydroxylaminopyridine 1-oxide (4HAPO) was effective to inhibit the transforming activity of DNA. The inhibition took place only in the presence of air.
This led to a conclusion that 4HAPO itself is not the ultimate compound in the inhibition process of the transforming DNA but an oxidation product possibly of free radical character may be primarily responsible for this event. 
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